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(54) ZOOM LENS SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize high variable power rate and 
high image quality by specifying the ratio of the moving amount of a 
1st lens group from a shortest focal distance state to a middle focal 
distance state to a moving amount from the middle focal distance 



state to a longest focal distance state. 

SOLUTION: In this zoom lens system provided with the 1st lens 
group Gr1 having positive power, a 2nd lens group Gr2 having 
negative power and a 3rd lens group Gr3 having the positive power 
in order from an object side; at least the 1st lens group Gr1 is 
moved to perform zooming. Then, the system is constituted to 
satisfy an expression: 1.2<M1 WM/M1 MT<2.2. In the expression, 
M1WM means the moving amount of the 1st lens group Grl from 
the shortest focal distance state to the middle focal distance state. 
M1MT means the moving amount of the 1st lens group Grl from the 
middle focal distance state to the longest focal distance state. The 
middle focal distance is a focal distance being (fw xft)1/2. (fw) 
means the focal distance in the shortest focal distance state and 
(ft) is the focal distance in the longest focal distance state. 
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(54) vmuozm x-&u>x& 



(57) [Bffl] 

coxy — 3 >>xmk&GL* '>fc< ^ t>nu 

1. 2<M1WM/M1MT<2. 2 
M1WM : /ftffiAfLSJEB^^ 
M1MT : ^U^^BI^ 

1 u ■> Xijg^f^jftftT? 

, m J« .^1 VEHlr^inr @ j» J&.S&fOIVtffico j», .^LfERi «r f w. ft 
KAs.«ffi««ffit/>*.fi»E«IS:ftt L3tfl#tc (fwxft) 
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/ 

isas i ymz&mz^x x— ^ u 

1.2<M1WM/M1MT<2.2 

mimt : *m&&fmftm*bto*fo&m»wi&*wm 

LfcB#U (fwxft) ,/2 *6J*j&Bgfli, 

[IS*12] X— * >^(cR$LT, nftfE*lu>XW 
£?g2 i^^XiftcoitWiJKOlinHI^iticL, BMB*2 u> 
^BiS 3 i^vX«(0*(*±co|BllSS* s *fc^"^5 «fc 9 . hu 
E^ l V>xiMO'i3 ^>XB^«»:WJ{c#«!ii-5w 

[IB*XH3] X->y^LT, USES 2 U>X# 

X 

[0 0 01] 

* /uAa^«Bco«R#^» icWHfc h "CMS* 

W*5Sr X — /\ u > XRlcffl^-5 botfeS, 
[0 0 0 2] 

[0 0 0 3] ~ — ttlc^i/^/u*^ 7<^iiiJl 

f*, C C D (charge coupled device) ^coilfftfiflMi 

-r ^ , I- 5 V G A y* v x cOSftcSHftSR-^-C*) 
fo 0 L L frd* k . zco V G A? 7 xtDlj * v^MM 



(2) 1#r^¥ 1 1 - 1 0 9 2 3 4 

2 

[0 0 0 4] *fc, "ft^eD— »rfil(t7*^^/U*^ 7(C 

ft 9 w<t tH*tur^Sfcfe, ifi¥"efiMS«*t?H5iif 

[0 0 0 5] 

• U7i^y^^*^7ffl*aiu'>xsratfflufct>^, u 

i@ T* & 5 £ I i t ^ ;i & ^ o 0 
[0 0 0 6 1 ::<oj;9fc^^*/u#>7co»Rjte 

[0 0 0 7] L/j^L/cC^i^ P>, L/yX'yf -7^-^>7CO 

hixtz^^i 9 p i^>-X<o*JfettflBS:+»|c«fjeS-a:5^ 
, iiftt**aJtiii«Hj22tt^iiffftwW5* 

[0 0 0 8] J^icoPflJHt-*^, SiK«*-e 
B5liill«:«ffii-S±<*f«*, nw^M.cX-i.uy 

[0 0 0 9] 

X-S >^^rtT9 X-AU>X^T'*>oT, J^Tco^f^ 
1. 2<M1WM/M1MT<2. 2 

miwm : ^mm^mmm^h^mm^mmm^x^m 
mimt : ^mm^Mm^m^^mmm^m^m^xcom 

50 i i/>X^)Mtt\ *BBJ»*.^(i*HJ»jftE«tt 
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3 

Ltzmtc (fwxft) ,/2 <cSjSSjftJEHt, 

[00 I 0 ] 

[5gWc/>S8J*coJK(R] JUT, HiS^#R3LT, #:3gryico 

[0 0 1 1] Bi^3tt, ^^P^(a^6X~AU>X^ 

l»*.SE«ttlit?w L^v^TBlRSrJti-lSfiijia^fcS. 
JSffl£«ioX— -kuvxaua, tof£fo'IJ: <9«f!lc, lEcoSiTr 

l3L/yXg|Gr 3cb, n — ✓ * X 7 /U * L F t fj> h ffi 

^mmjsm-XL, m&m2 ^>xmtmimm3 uyxe 
ic m- t n , mmm&Mmimfr % asms ^Et« 

60X— * >^GOfi5S<7)£-U;xX»G r 1—3, gfcfl 

[0 0 12] Si 3IJfi^lB(OX— ^U>X^(i, totefRij 

fEja^iEUVXL 2 i:, tof£ffliJlCi£bc>:>iE> — x#;* l/> 
XL 3 £r/j*ibf£6Sl UVXg^G r 1 , #3f#fIiJ(Ct£bC0-£ 
(/)^-X*^!/>X'L4^ fflnOtf)* U>XL 5 d: , to 
i$Ml^\!h&jE(/U~*iJX U>XL 6 (|Sj®^3*iS) £ 
/j^J#oS2 U>Xffi*G r 2, 8£9 S, tof*fJUJlC£b<OIE 
wyiX*xi/yXL7t, p5]di^IEu>XL 8 <bto(£ 
fRijlCdbcOftcO;* x uvX mmitffcffi) L9tfr 

b/#£*&3 U>X6^G r 3 , F t frh 

ffi^CDX- ^ >^tCl»L"C, m 1 U>X8*G rl^3 
U>Xff£G r 3 kfc&}mm^&%hL. 12 U>XB¥G r 

(RiJ^^iE)!)-ro £ 0 U* — >U □ — ^X^./U^ FJidl 

[0 0 13] S2^16»)X-Al/yX^(t tof£(|i] 
J^WfHC, ttf*WJlCiatOftc0^i:x^;xix>XL 1 <t , 
»f*Wi£lic/^jE^ ^x^jxi/>XL2t toffcfR'McdhoO 
IEi/)^ — x * x u> XL 3 ct 7Wb/#&S 1 1/>^1G r 

\. to ffcflWicdb — ^ # x u> xl 4 £ , iiindLc/:) 

IE > X L 5 c , fftflCJtCdhWjEtO p< — x # x U > X L 6 
fgj) >^'/>XDL 1 7Wbf#£S2 I/>Xg$G r 



(3) * #f!fj^ 1 1 - 1 0 9 2 3 4 

2. f£<9S, fSf£bc/)jEU'>'XL 8 (mjg75i>l£Efc@) 
(SJifbcoiEU'^XL 9 i: % totelJUJlcdbeoMco^ — u< 

>XL10<b, aiRy(CdbCOA(7)^— X^7X U>XL 1 1 

»)ftL,>XLi 2 mmmm) t^bf&zm 

3 1/>X'8|Gr 3, /^7^/^ F bfrbWf&Ztl 
>^{:BLt, Si uyXBG r l <bS3 i/yXp 

G r 3 £^tof£$J^&ffi!)U S2 UVX»G r 2 fiflftflW 
— f£t&L, $£9 S £ a— /^7^;u^ Fliias^^HTV^ 

10 5 0 

[0 0 14] m3mi&Bm<nx— a i/>X^fi x toWfJ 

iffiidhcoiE^>XL 2^t/>XDL i i:, toM'Jtcdb 
^^-x^xi/yXLS^/j^^Sil u^Xg^G 
r 1, to(^fRUiCi£b0.ftc0^^x^7X 1/yXL 4 (rSf®?5^ 
fMlH]60^U>XL S&t/PfifbcOjE^^XL 
6(7)^U>XD L 2 dr/j^/^6^2 Ix^Xg^G r 2 , 
^<9S, tof^IIICifi^iEO^-^XU'VXL 7 t. fy)W> 
lRlj{CtD](7)^CO^^X^XU>XL 8 (fS]®INB}c®) 
20 iiSjdi^iEU>XL 9 <b , r^jDDco^R u >X L 1 0 (f^TE^N 
«lS) ir/J^/^^^3 l/^XSG r 3 , a— /N°X7>fyl/ 

r 1 tm3 U>X§¥G r 3 t*?*ft:«^»«|L, U 
>X# G r 2 »fbU 89_Sto-/^7^u 

^ Fli[l^$tlTl^ 0 

[0 0 15] J^T, #jttt»lllWX-AU>X»^s«iJE 

3.0<f1/fw<9.0 (1) 

f1 : Si ^>Xi¥^fiR^SE«|, 

fw : *a»AfElt«IB^«4»ro«*S|| t 

[0 0 16] ±Eft«=|±, Si u>XBto«RjRE««r« 

»j-rs*f*-e*>5o *«=s;isdi (i) coipng^a^s 

40 M^ffiR64feffi/>^*Sffi^§ERt*t1S^coX- ^ > ^coBR 
OS l u^Xf^co^Bja^^^ < ftSOX?, ftftJftjKE 
■HfcHK-ecOX— AU>X^(/)iI^^t< 4 >J 9 , 

ts^f^iais (i) (DTmm&mz-zt. m \ L->xm<» 

/<!7— <cf5 % Si ^>*»-C3g±-i-£i|Jfc£, » 

[0017] <cib\ ±ia*«=icB8Lr(i, ^f^$G(a 

50 (1) WH, iaTcO^f+^K (2a) ( 1 c ) 
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(4) 

5 

3. 5<f1/fw<9. 0 (la) 
4.5<f1/fw<9.0 (lb) 
5.0<fl/fw<9. 0 ( 1 c ) 

(2) -css^tLs^sriaa-rs- t**a* lv\, 

-1.3<f2/fw<-0.7 (2) 

f2 : KI2 ^>X«co«jR*E(lt, 

[0018] JbK*(*li, i2uyXfi|(/)MMI^ 
»hJ-6*f*-C*>5. ^f^ltiliS (2) coTIKtt&ex.* 

co*S», Mil u>XW:fc5j:tfSB2 ^>x'p|c-^^ix5 u 
> Xw u > Xf£# * ^ < ft % <d -C4f iL<4n>„ as f c , 
^ft-^[ffl (2) co±|»«[«:jBx.st, SB2u->XB(0 

[ooi9] ^cio, ±ia*f*[cB8L-ci*, ftf^nis 

(2) (/>•;>*>, j^Tco*(*a;isfli (2 a) Tjm (2b) 

-1.3<f2/fw<-0.8 (2 a) 
-1.4<f2/fw<-0.8 (2 b) 

(3) -e*XE$ii5*f+S:MJ£-rSw t^H* Li\, 

1. 1<f3/fw<1.8 (3) 50 

f3 : ^3 >>XWwJSjfeSB(| 

[0 o 2 o] ±E*f*ti, ms i^XWwMljSSEfltSrJft 
fM^5*f*r-*>5o ^f-t^$a(ffl (3) co±H«E*ttx.S 

**.«.«ffi««»-Cco±*^*# < ft «9 fo€x. = 

f*3C«lffl (3) cOTERB[S:ex.5i:, l3U>X8fo^ 
? — ^*#<<c»3. l3U>X^Mit6^, *}#(c </o 
=»-^i|X7gz)'^c# < fto, zco^-^iix^te, X-au>X 
««/.->i^rii(O«0T!c^«ifiiS:!!a:ttT fctfBiET-Si\ » 

£ L< fti\ 

[002 i] ft*i, ±IE*(*!cfi8LT^, *(+5ttfilffl 

(3) c»0*>. WT^&N^&QI (3a) «)£t5: 
1. 8<f3/fw<1. 9 (3 a ) 

(4) ■ca3£$iio*f**r!iHS-rSw t^H* U\, 50 



&m¥- 1 1 - 1 0 9 2 3 4 

1.0<imgxR<15.0 (4) 

* - « & ft # * t> ffiM (c fit g-f 5 u > X® (D^-^jfl ( m 
ftlimm) , 

[0 0 2 2] ±Eft(*(4, X— AUyXgi LTC0^# 

T-&£ 0 -/Rid, HftHMftiR^Srfflt^^^/u^^^ 

£-£Z>tzMz s A*t#SC*:-^ V o u>Xco^^lc^tL 
TlftMlcAW^Sefi&SMSfca. *:cofctf>, =f\/9>\> 

*(4=^:j£ffl (4) co±»|t&jHx--5t, x-a 

36^* # < ft 9 -ryr-teonKE^fflWcfts ^ t tic, 

ttiB60r>y— «^<0©J4X35»*L< ft 01^ L< ft^ 0 
iStc, 3ki*5K,mm (4) (OTIRit*fflx.5fc, S&^uir 

[0 0 2 3] ft4b\ ±f5^fticr*1LT{i. *fr^t5ll 
(4) aTw*(tS8ii (4 a) ^rSSSi-Sw 

6. 5<imgxR<9. 5 (4 a) 

Id, IE^^!7 — S:*-*-5*l ft^!7-^ 
ttai2U>Xg|^ jEfiO/^-^'t5^3l/>X 

ojEu^X^r^tfiEUVX^i:, ^>ft< k h 1 
u^X/j^ft6^^>X^3R<t?)>e>«fi>c-r-5wi:^m* 

ffljE-f 5:^: &*im k ft 5 0 

[0 0 2 4] ^7t, ±E»3U>X»<o*fc**«lctt 

itibn/ciEuvxicr^L-cii, jaT^^f^iuia (5) 

"C«3£ S tt 5 *f* SrSHa-T 5 z. i: H * L v \ 
0. 1<Ra/f3<3.0 (5) 

Ra : S3 U > X0COJR i#?f^fPJ|{Cl£(g $ ixfc IE u > Xco 
f 3 : S 3 u > XWcott^EBi, 
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7 

[0025] ±.m&m±, m3\s>xm<nmhVommc 

XcoiRS«iJEft«cBB-*-6*(*-efe-6. *f**«ilffl (5) 
co±PSfl£&S;L5<h % jEi^XcofftMffi6DiMsrt?§g< ft 

*f*^«Elffl (5) £>TIS»Sr«ji6fc, jEU-^X 
<n««iS<oift*^«3ftwj,$ < ft9ifi#\ 

[0 0 2 6] &j8JSSfl£JftK>X— AU>X3RCQJ: ^ 
S3 u>Xfi¥ir x /j^M^li^x'-AuyX^Cio^ 
<!:, M*fl(C'>ft< £ t l fecoiE u:xX£ , ift^u 

[oo2 7] ^7t. _hts^2 isisx&mi -v-ymomm 

-1.6<R2n/f2<-0.6 (6) 

R2n : S2 UyXgff 1 I^^BwnafficOft^ffi, 
f2 : S2 \s>Xm<om*feffi x 

[0 0 2 8] ±iB*f*(±, l2l/>Xillt/||^ 
7»-S*(*-C*>Sc *f*5CKH (6) (OTHMt*riB;L5 

infill (6) (OTIS«[Sra^.fe»-&, S2i/>X^ 

</>ft*^*#i^*±«3HcB(c«tm**i, (ft iS UK £ , 
»(cfftiSWfti3-eiiR*4:, f$ M i¥ "C M IE 5 - 1 t s "C* 
^^^Jlc^a^K^^c *«=5*uEffi (6) co± 

IKtt£rtB*.5 dr , ttBDiS«ft«P^»< ft *') a^-CttBOifi 
!C*>1 >t m ^ T?l|s*lw * # ftlfc^ 3g£i" -5 fc: tf> , fflieO 



(5) &ffl¥> 1 1 - 1 0 9 2 3 4 

ftv\> ft^nia (6) co_hnifit^^^6i:, tt 
[0029] se>ic, m2i">xmm2 j v-y r mn. mot 

5 IE u > X t pSf Bfl JKttco* u > X £ l X ft -5 « 

XBfli£f#<!: Ltft(0^!7-^*Lrv^^, S2 U> 

xWlc, l ecwiEt-vX^, '>ft< £ fc> i ftcoftuv 
X^^/vT*v^ft^ti^li•ftlbftv^ 0 — 82uyXB)j 

g2uyXgfiifyii:it ttB0ffi-c»£-*-5fiiKS 
rwsai l< ft^o 

[0 0 3 0] ±E»2 U>-Xi¥g|2i^ff0XE^ 

vXicBBLTtt, «Ta5*f*^;ttlffl (6) ' -C««*4x 

-2.5<f2p/f2<-1.0 (6) ' 

f2p : ^2 l^^XW»2*^B<OEU>X(Z>Mtjfiggpt, 
f2 : ^2 uvX«<ojS8/aEBI, 

30 [0 0 3 1] ±KAf*li, S2UyXgS2ty»(OjE 
u^Xco^SEBt^, 12 U'VXBwjSRjSffiB^coH:* 
aSLfcbM*^ *2 u>^B<oaiRJS«jE«cH^ 
5*ft="C*5o *f*A«H (6) ' WTISMCSra^S 
i:, I^IEu>X(7)y^!7— ft l2uyX?| 

^:«9B (6) ' <o±isn*ffl^.Si, lEuvx^y- 
/«<^^#'t, ^2 ^>x»waiiR2eEiijE<z>fc«)K 

2 u>X»{^#*ix-6ft u-vXto^^y— $r^< Lftttn 

{i*ftbft<ft6o feiRStitsKE-rs^i^-e 

[0 0 3 2] **B6»l8wX--Au>X*-C(i, Si u 

E'^yxMLTi^o Si uvXW-cfeiRfitijESrfT 
ft9fc^i-J±, Si i^vXWJc, '>ft< t t 1 tfc^iEu 

L/^Lft^e>, tTIE^^^^ — H't5Ml u> 

X"g^^ v \ &o>^Eu> X t 1 ^coft UVXfcit^fflt^T 

50 «*f5t, A«kjft8ERi«-e<oiRaB. ^ic^is^^^ii 
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w «iSilx £ & SliiE-r -5 /c «> f i , *to±*j*a? ffi t * r*i 

SISMII-coidaflE (u^Xtt») «r*;L5w£#ftf*L 
t\ £iblc, m l u>rX«S: i l&coiEu>X£ l tfccoft 

[0 0 3 3 ] ifflidscoj: 9 tc, m\ i/yXftii, #9f£fR'i/^ 

ftT^S»**C*>^T, aT<i0*#3«fflffl (7) 

(8) -C«7E*ns**f4=S:«IS^6 cir^ffl* Li\ 
v n<35 ( 7 ) 
v p>50 ( 8 ) 

vn: Si i/y x'Bw-ft i/ y xwr -y<lB:, 

*C th 6 0 

[0 0 3 4] _bte*f*5£li, mi U^XfflMcJo^T* & 
fet/>.ii/yXi: 2ftcomu>XfiOTy'<iBcS:awic»S 

iTZZklC**)* m\ L-VXpT'CO&HX^^^flCtSlE 
[ 0 0 3 5] 4*S, ^R-^«SIffl (7) C^ltlt £6 

(c^Tw*(*a:iaiffl«:«isi-5 z £ (c ± •? , <t 9 aw* 

[0 0 3 6] v n<32 (7a) 
v n<30 (7b) 

**S*l|(OX- -ki^x^-cti* mi u->X«(i*jg 
Afe^^(l^f§/j>ibi^S^^^l^fi^c/)X-- ^ >yco|& 

JftfiAft.feEB^flB-C^X-- a i/yXSco^ftfe, =» w< 

U->Xcou>Xflt>/h£<-f 5 - t^"C#4f* Ll\ - 
wj: 5 SB i t^^xw^JBrgji/jSElBttlBA^JftftJft 

S\ WTco*f**i6iffl (9) r*S3£sns*»&aia-r 

0. 7<m1/Z<3.0 (9) 

> w tz. L , 

ml : -IS 1 u> ^BwJfta.«.ftfEBtti^f3MS.fiiEi 

iftffi— x- * > y0)ffi<o&Hjfi:(nin) . 

Z : X-^it (Z=ft/fw : ftH«R*ffi««!Bfc*ftffi.«E 

.L&i&tttt, *i ^>XB^*Si*#.ffi«ttffi^^Jft» 
JM.£!K*K9B^oX— * > '/(OBRc/>»«ift £ X— i*Jt<fc 

SHftjii:.'**:* < 45, *W=3£iaiffl (9) -r-J»^$jh.fc* 



(6) 1 1 - 1 0 9 2 3 4 

/o 

i/y^Wt5fcy;co^tr^5o *f**«5fll (9) 
</>±Pfifi:£:«s;L5^ X— AJtlcjfr<-c!S l u^X#co 

i\, _bSB*l*«;ttfll (9) eoTPSfiS&ffi;L5£, 

fgi u^x#(0»ftJi^/hS</j:9iiS^S 0 ^1 i/yx 
BeQJMbftj&i/h$<45£, mi yyx^/^-^^c 

#<L4tf;h,tf, X— i*it 4 < 45. wO>*S 

/« i, si i^>x»<o/<i7— < 4 9a?t\ mi 

>X«^££r5iR£fl:#:*#<4!K ^:f£<!: L"Cft*f 

[0 0 3 7] 4*>\ _LIB*«=lcBBLTI±, ^f^taffl 

(9) WTco*«=itttB (9 a) SrMJB-^Sw 

0.8<m1/Z<3.0 (9 a) 

^J;9M, mi L-yXif^III^!ii^l/j^fI 
JSRjaSEPtttlB^OX- * > ^tORtc, ^f£«cf£tH-5 
»S\ KTw*fraBl (10) t-a£$ti5*ttl:» 

0.8<M1WM/M1MT<2. 5 (10) 

M1WM : ^ ^ gg^f Xj - »b ^ ^ ^^i^cffi ^ co ^ 
1 U->X3$<Of£ffiifl;. 

M1MT : ^miftjft^tttt^6MilRjft»tttt£^Off 

Ltzmz (fwxft) ,/2 4 5^^gf. 
50 [0 0 3 8] ±E*f*ii, *fi«/SE«««*^*iai-B 

i^^XB^KiaSrajfliS-frS- ifr* 

«ttffi*-e<o* 1 ^>x«(0#fta&jfcttw** < t5 

iS< ^ <!: /J^i(:4 0 > m»*»W7 u-T ~^c^^r 

^ # y hf5zt^-e#5, 

[0 0 3 9] 4*5, ±IE*f*lcBBLT(i, ft(*S:tSffl 

(10) c/)^ *>, VkTtD&flrHOm (10a) ( 1 

0b) S:a£t5:t^J:!JaSU\ 

0. 9<M1WM/M1MT<2. 5 (10a) 

1. 2<M1WM/M1MT<2. 2 (10 b) *H*»fficoX— -fc 

i^>x»ji, wT^ftftiCjeia (in r-«3t$ix-5* 

S:aS6t5:t^aiL^, 
1<max(Tl.T2.T3)/fw<4 (11) 

50 tztzL, 
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// 

Ti:JBi«W*«i±ff^^*>oT, max(T1. T2, T3) {*■£(/:> 
XfoZ> 0 

[0 0 4 0] iiK*f*«±, /h®T**S»*<c^— A u> X 
■^«riSnJt-r^fci6coftf*-e*>5 0 ftft5JCi£[S ( 1 1 ) co 

*UX««= OCait- 3y<nc«:4f) affile 

aiRr**/jr^ 0 j^-ic, ft{*5t««Ei (in <n±\-&m.&m 

[0 0 4 l] /jtfy, ±E*(*(cB8L-C{±, ft{*i«M 

(i i) co?*^ wT^^i^^^i (i i a) zmm- 

Kmax(T1.T2.T3)/fw<3 ( 1 1 a ) 

&M)&B1B<nx— Auvx^ii, KAT«oftl*3CJ5ffl (i 
2 ) -e« Jg $ ixS ft ft SrWffii- 5 c t *5 H * L i 
6<Lw/fw<10 (12) 

[0 0 4 2] ±fcftf*{±, *fiJ»jfeffi«*lic9HaJt;S: 
*LT^S. ftft^ffiDi (12) WTI8ttSrfi;L5£, 

* , 'J 9 >vn *=7 m ic^jfc $ 

ftf**jaoi (12) co±pgffi&@;i5<^ % 

* hfM*stnKT#/jrv^ 0 sec, ±W«*#<45:i 
ic if-t \ as] -ceo HSJK# fit -e * ft 5 4j>(Higo*a 

[0 0 4 3] X— Ai^XJili* #l¥eonqconQRKS:Kfk 

x— * >>/\zfto wC0S»acoaEfkco*#ftu>yC» 

X— $ > '/ L J: -) £ L fc» 3\ X— A u > X^co#^ 

u > X«(Oift2S Ate* o^CMLti^ t [z 
rc U , x"— is u > Xj&io u > XgfcofftJ&IS, fffinfc {-ft* 
i M «S R ft ^ *: # £ ) 75 hfi m i t £ i t T t * -5 t % x. 6 i i 

[0 0 4 4] £JL±(n&l&frc, % &nftEBm^X—M>is> 

rjiT^*f*5C«affl (13) r*j»3E$n«ftf** 

0. 2<A 03/ A /*2<1.0 ( 1 3) 



(7) 4*133 ¥ 1 1 -10 9 2 3 4 

12 

a 3 : ms \s^xmmi&mt (mmm&mmmx 

[0 0 4 5] JiKftfttt, JB2&0 C K3 u>X»coff» 
:AW*:*W-ft«=T*>3. m'Jto^tPSX-AL/ 

>x^-m, 312 u->xw^>ae»niH^*#^ofcfc<o 

/0 Sr. ig3 u>^»(ct*»ilt!4Sr»fili-szi"C, am 
3) wTKSrSSx.6t, 13 

6o issic, ^ftsttaia d3) co_hpg*s^.6^. i3 

w**(75«rtTI4*»ftitta61i3E*stB*tt< ft*9, ttfft 

*a{tautttt&ftfc< fts„ 

[0 0 4 6] ftjo, ±Eft«=fcBBLTtt, ^ft^t&ll 
(13) (O 5 ^Twftftajgffl (13a) 7!;M (1 
3c) «W5li:^j:^^L^ 0 
0.25<A /i3/A /^2<1.0 (13a) 
0. 5<A /^3/A /^2<1.0 (13b) 
30 0. 7<A 03/ A 02<1.O (13 c) 

#Htt^^</)X— AU>X^(i, J^T<7)ft(*^;iB 
1(14) ■C»^*4xSft{*SrMSi-5wt^a[±L 

3.5</jT2//3w2<6.5 (14) 

0T2 : *«JSRjSERttt«-C(D»2 i^^X»<o««*, 
/iw2 : *«[J!R#,ffi«ltttt-e(0* 2 U>-X»cO««^ 

[0 0 4 7 ] ±Kftf*tt, Kf*B#«C*5<t-5IB2 L->-Xg¥ 

*»AftlS:««Lrv^-5. ^f^^ilBg (14) co±PS(i[ 

tthic, mm*mm\xomMii^h±z < * 9 . 

ShUE/i^^icft^c i^lc, ftft^Iffl (I 4) c/)T 
KISrfitSt, .^2 ^>XBcoJE(#«tll^'J*S</«c 
9, ft!lcou>XBcoAi«.^*:#< ft5fc^, ftj».j%8gtt 

1^1, 5£L&8EttM£ fc*^«03-7i|xi^LTi*L 
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13 

[0 0 4 8] 4.5<ft/|f12w|<15 ( 1 5) 

ft : mm*£Mmwmvm&s£m. 

fi2w : tomm&jEmftmnfg i i/>x» • ^2 

[0 0 4 9] iiK*!*!*, **J«/SE«t««-e</5!B 1 u 

&f$-t-&6 0 *(*^:«EGi (15) oiTm&mz-zt, m 

8trt>*:£ < ft*J «#\ * 7* — #*tOBi«jWliL< 
ft£ 0 IK i \s>X&iz.1z\± / m2\s>xi$fns<y<- 

&m<*£ v )-f£\ hftX— ^ i^>X^/^ii^r* 

£ft<ft£ 0 iSSJc, ftftstlSIl (l 5) <oJLPfi&S;L5 
ffiffi.£EIKm<oiR l i/>XB.»2 u^XBeo-frf* 
< ft t9 ffifltjAfgRIM-c^igttiK^ 
coffi]E^I£fSI(cft5 0 SBl u-^XW*fc{i»2 u 

vXBeo^?— ri?K< ft*)ii^5fc£>, MX^trtiZEiclSii 

[0050] ^fc, =&Hlifi^ffi<7)X— a u^x^ti, K 
2 U>Xp^(cj^TcO*ft^H (1 6) "C«£*tL5 

* H,\ 

-0. 1<0 x(N'-N) xd/dH[X(H)-XO(H))<0 (1 6) 

N' : #«Q0^(tM<olKR(O d i»l:#t5ISf*, 
H : ^Mt ^kU^ij\^(Dm^ , 

X(H) : ^3*ig(Oi«$HT(/)7t*li^rrfiiwSEffifi, 
xo(H) : mmmm^tt£Hx*o)±$&-jjfa(n^&Ei, 

"C #5 £ o 

[0 0 5 1 ] ^2 l^vX»itico#«ffic0 9*>, 

*J«iBicot^rji, ftJ*/SEBt«|co«ffiiR26^MiE*c^r 
i-ot>t^^ , «ffi«o^(Ofilric-cMliEa»Ji:/j:ofci|KSS 

(/V sr 7 -/;^3i< ft <t . )BJ».fiE«ttJT*cOftW3g 

iifai|^2£^** < ft »3 »?, jS?Jc-Aco-/<7— ^35< ft 6 
> . ^1 A?. A^Se^Hm'J -C'</) ^ fMj UX ^c/) fffi IE { c ^ -C t 1b >5 

i5ic^N£Rifii^#>S*&a t>|s]^T\ ^2 u>Xg^tj3(/)iE(/) 

^f^i(/)il»^-Q 0 3B2 s^XBonttttflj 

fftWlcittt > u > XtoiEtOmlcafci-t *bix*:2NHUgc/>'< ? — 



(8) «F0Bsp l 1 - 1 0 9 2 3 4 
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frm < ft 0 6 £ , «j»jRBJBHII"C^)3«ffiiRJ6*«^-— 
!7 - < ft t) ig 5 i MiE^attUB <t ft «3 . v 

t>a* l< ftt\ 

[0052] i/t, &mmnm<nx— ^u>x^n, ^ 

3 U>X8¥q3(cJ^T^^ft^ll (1 7) "CJRS*il5 
* L^c 

-0. 1<£ x (N'-N) xd/dH[X(H)-XO(H)]<0 (1 7) 

H : *«ii:SiEft*fS|«>»SS, 

X(H) : $mm<nm£H'V(ny£lfaJ7&\<n&i$L&* 

X0(H) : ai|fi»a5<OK*H-Cc0*«l*|pl(O*tta, 

[0 0 5 3] l3 1/yXW(7)|^®<OH, ItttW^ 

8b"C*>6. ^3 U>X«fefiTf±, ^f#fflil-a£^t-'>Xco 

^IBIE^FS^ ft «9 , iS?(c^7— ^3S< ft 0 i« 
iBHRJS^tiiEiBWfcftSo ^*>P>o»-&fc, ^oiSt? 
l**th£ K> »<03fe**T?flRJS&|*iE-*-S ^ fc *$BJ1& ft 

*f&Il^SHir L * i >ft!l^@T' h HX^filE L # Hft < ft 
40 £ 0 

[0 0 5 4] ft^o, #^J5|irjf^^^^T{i, X— 

(/) X— ^ u X^ Srft^ii h /f * H ^ * £ ft L 1 1 * 

[0 0 5 5] £tz. #*»»««C*5V^T!4, $£*)*:m2 
i">x»tfK3 ^>X«l4:fom(ciaR-r§ci:^H* L 
l^o t^^I2 u->X8?<b^3 u>Xi*<!:cofB1(CgaH-t- 
50 o:iCJ:^ ftSS^B8^ffi7&^*Pflte^SEBIttffi 
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(9) 



1 1 - 1 0 9 2 3 4 
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< Hi Jh 6 c £ a* *T fig £ ft S« 

[0 0 5 6] X-5>^lC»LTBBtt«E9ffiJ± 

-Si:t5wi^a*L^ 0 iB*\ ttfltt, BBttFNO 
CftatSRJBIIB p latLT, & ffltttBfflfS; <t 
icJ: oaOii^Srffftorv^. EifftU: 

«U\ ltot t iif«iii»-rsjK*S:%flr.Lfc» 
3\ X- * > ^icfiB L T #«S^reBI«IIB-eMI«ctt 9 tS*s 

^n>hp^t6M^C6 0 L^Lft^tb, nu 
#co» 19 ^-S-cffft 9 »£\ '>ftv *tt o SBt-Ji^/v^: 
i^ttcoffl p fl^tt <h ft 9 r tciir ^i* 5 fc y>tc it £ o L r h 
5 , b ft <b #»<o^ £ ft o , = x h r «y yyjm 
ttbitftv\, ?U:«ft<7>RJK|MlP&«o 
»g\ hT !y^tcft5fc*lt-Cft<*(ft*|S]JwRJBIJB 
P £ j*P Ato tf>co x x £ ft 5 fc. tf>£5M£co 

[0 0 5 7] 

X(H)=CHV {1 + <1-< -C2-H2)i/2} 

x(H) : ft£H<n{<Lmx*oyytmiXfa<Dm&mffim&m 

C : £#0*1^ 

mmm \ » 

f = 5.10-16.00-49.00 
Fno= 3. 66— 3. 39— 4. 09 

wm*m m±mwitm mm- 

r1= 31.528 
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[0058] uTicmif znmm i - 3 wt, ati^ l^h 

Elili,' Mt6H^J 1 - 3 f) u>XM^, -en 
[0 0 5 9] #I»i5^r, ri (i = l, 2, 3 • 

• )Ji**«^?>ftx.r i #Bwffiw***s % di (i = 
1. 2, 3 • - )«±*(*«3&^ftx.r i #Ba>*±ffim 

IWSr^U Ni ( i = 1 , 2, 3 • •) , v i ( i = 1 , 2, 

(w), «t>iBJ«^Eni(M>, 

[0 0 6 0] -^HSf*^ M*8r i (c*ep 

20 ^fdfiftiSWf^fflSr^-rSrB-CfcSw^^^L, 

[0 0 6 1 ] 
H-IAi-Hi (AS) 

i ifc(7)^J*an#4Bu 
Hcoi 

[0 0 6 2] 



E 

Ai 
Hi 



r2= 21.419 



r3= 22. 092 



r4= -144.544 



d1= 0.70 



d2= 0.55 



« [T-s"<ft] 
N1= 1.833500 v 1= 21.00 



d3= 3.72 N2= 1.570699 v 2= 61.21 



d4= 0.08 



r5= 16.481 



r6= 28. 275 



d5= 1.29 



N3= 



r7= 



14. 115 



r8= 5. 297 



r9= -9. 862 



. 487490 v 3= 70. 44 
d6= 0.80- 11.02- 17.42 

d7= 0.57 N4= 1.771126 v 4= 48.87 
d8= 3.36 

d9= 0.30 N5= 1.754500 v 5= 51. 57 
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(10) &m^l 1 - 1 0 9 2 3 4 

/7 18 
r10= 10.625 

d!0= 0. 08 

r11*= 8.323 

d11= 1.01 N6= 1.846660 v 6= 23.82 

r12*= 93.502 

d12=10. 85- 2.53- 0.90 

r13= co 

d13= 6. 80- 6.40- 0.90 

M4= 6.632 

d14= 1.10 N7= 1.487490 v 7= 70.44 

r15= 40.054 

d15= 0.08 

r16= 5.007 

d16= 2.29 N8= 1.487490 v 8= 70.44 

r17=-127. 484 

d17= 0.32 

r18*= 6.494 

d18= 0. 40 N9= 1. 846660 v 9= 23. 82 

r19*= 3.815 

d19= 4.05- 7.35- 10.55 

r20= oo 

d20= 7. 19 N10=1. 516800 v 10=64. 20 

r21= oo 
rl 1 

f = 1.0000 
A4 =-2. 70853x10" 4 
A6 = 5.51414X10" 5 
A8 =-4. 74840x10" 6 
r12 

( = 1.0000 
A4 =-1.51231 xlO- 4 
A6 = 7. 16807X10" 5 
A8 =-5. 10893x10" 6 
r18 

f = 1.0000 
A4 =-4. 13231 xlO" 3 
A6 = 2. 22876 xlO" 4 
A8 =-2.21116x10- 5 
A10= 7. 83601 xlO' 7 
r19 

f = 1.0000 
A4 =-3. 12685x10- 3 
A6 = 2. 80257x10- 4 
A8 =-1.80966x10-5 
A 10= 2. 22654 xlO- 7 

f = 5.13-15.50-48.75 
Fno= 2. 73- 4. 31- 4. 10 
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(11) ftffiW- 1 1 - 1 0 9 2 3 4 

19 20 
r1 = 56.851 

d1= 0.60 N1 = 1.839592 v 1= 27.49 

r2= 23.446 

d2= 0. 1 1 

r3= 23. 446 

d3= 3.85 N2= 1.567298 v 2= 61.49 

r4= -317.865 

d4= 0. 10 

r5= 21.360 

d5= 2.74 N3= 1.754500 v 3= 51.57 

r6= 50. 308 

d6= 0. 10- 13. 11- 23.02 

r7= 10.549 

d7= 0. 60 N4= 1. 622384 v 4= 38. 80 

r8= 4. 002 

d8= 2.00 

r9= 14.422 

d9= 1 . 35 N5= 1 . 798500 v 5= 22. 60 

r10= -15.568 

d10= 0. 10 

r11*=-22. 319 

d11= 1.35 N6= 1.681782 v6= 27.64 

r12= -4.598 

d12= 0. 60 N7= 1. 850000 v 7= 40. 04 

r13*= 7.695 

d13= 7.73- 5.61- 1. 19 

r 1 4= oo 

d14= 2.84- 0.20- 0. 10 

r15*= 3.880 

d 1 5= 2. 1 7 N8= 1 . 487490 v 8= 70. 44 

r16= -35. 992 

d16= 0.33 

r 1 7= 9.979 

d17= 1.98 N9= 1.487490 v9= 70,44 

r18= -7.299 

d18= 0. 15 

r19= -6.274 

d19= 2. 67 N10=1. 846836 v 10=24. 34 

r20= -22. 235 

d20= 0. 22 

r21*=-49. 128 

d21= 3. 47 N1 1=1. 527547 v 11=63.51 

r22*= 16.004 

d22= 0.52- 3. 16- 3.25 

r23= oo 

d23= 3. 70 N12=1. 516800 v 12=64. 20 

r 24= co 
r 1 1 

t = 1.0000 
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(12) #fWl 1 - 1 0 9 2 3 4 



21 

A4 =-1.51649x10- 3 
A6 = 2. 66548x10- 5 
A8 = 1. 22282X10" 5 
A10=-1. 32300x10" 6 
A12= 4. 92614X10 8 
r13 

f = 1.0000 
A4 =-3.23885x10- 3 
A6 = 3. 40371 xl 0- 5 
A8 = 2.06254X10- 5 
A10=-3. 68376X10- 6 
A12= 2. 02326x10" 7 
M5 

f = 1.0000 
A4 =-1. 12558x10-3 
A6 =-8.48960x10-5 
A8 = 3.21273x 10- 6 
A10=-1. 83274x10" 7 
A12=-3. 06639x10" 8 
r21 

f = 1.0000 
A4 =-7.38365x10-3 
A6 =-2. 15053x10" 4 
A8 =-9.38824x10-5 
A10= 9.96727x10-5 
A12=-1. 04625x10-5 
r22 

i = 1.0000 
A4 =-3.78250x 10-3 
A6 =-2. 14667x 10" 4 
A8 = 6.93245X10- 5 
A10=-1. 13196x10-5 
A12= 7. 18551 X 10- 7 

f = 5.10-16.00-48.69 
Fno= 3. 22- 4. 10- 4. 10 

r1= 30.563 

r2= 14.423 

r3= 502.675 

r4= 12.680 

r5= 32. 327 

r6*= 31.105 

r7*= 4. 594 
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d1= 0.60 N1= 1.818759 v 1= 23.23 

d2= 2. 62 N2= 1 . 642484 v 2= 56. 38 

d3= 0. 10 

d4= 1.71 N3= 1.754500 v 3= 51.57 

d5= 0.50- 5.68- 9.82 

d6= 0.60 N4= 1.713476 v 4= 53. 06 
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d7= 3.10 

r8= -4. 932 

d8= 0.60 

r9= 8. 955 

d9= 1.01 

r10= -25.524 

d10=10. 19- 

r!1= oo 

dl 1= 0. 10 

r12= 4.921 

d12= 1.66 

r13= -95.562 

d13= 0.85 

M4*=-181.749 

d14= 1. 16 

r15*= 5.217 

d15= 0. 12 

r 16= 5.230 

d16= 1.65 

r17= -9.579 

d17= 5. 16 

r18*=-4955. 676 

d18= 3.36 

r19*= 136.647 

d19= 0.50- 

r20= oo 

d20= 3. 40 

r21= co 

[#3»ffi«»] 

r6 

f = 1. 0000 
A4 = 7. 61844 x10" 4 
A6 =-3. 34498x10- 5 
A8 = 1. 91322X10" 5 
A10=-3. 06438x10- 8 
A12= 1. 77936 x 10"' 0 
r7 

t = 1.0000 
A4 = 5. 0901 7 xlO" 4 
A6 =-4. 07384x10- 5 
A8 = 1. 60395X10" 5 
A10=-2. 56405x10- 6 
A12= 1. 79225x 10- 7 
r14 

f = 1.0000 
A4 =-1. 63035X 10- 3 
A6 = 4.61794X 10" 5 
A8 = 2. 66015X10- 8 
A10=-9. 53202X 10- 8 
A12=-2. 86433x10" 8 



(13) 

N5= 1.697627 v 5= 53. 71 

N6= 1.813453 v 6= 22.98 
4.78- 0.50 

N7= 1.676156 v7= 50.74 

N8= 1.847905 v 8= 28.07 

N9= 1.495513 v 9= 64. 74 

N1 0=1. 807490 v 10=44. 15 
5. 55- 8. 24 

N1 1=1. 516800 v 11=64. 20 



10 9 2 3 4 
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(14) 



ftfflW- 1 1 - 1 0 9 2 3 4 
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r15 

i = 1.0000 
A4 = 2. 43530x10" 4 
A6 = 7. 95268X 10- 5 
A8 = 9. 79297x10" 6 
A10= 2. 58484x10" 7 
A12=-1. 14984X10" 7 
r18 

* = 1.0000 
A4 =-9. 11167 x 10" 4 
A6 =-2. 73536x 10" 5 
A8 = 2. 881 14x10- 6 
A10= 9.33187X10" 9 
A12=-5. 33332x10" 8 
r19 

£ = 1.0000 
A4 =-1.03703x10- 3 
A6 = 1.21604X10" 5 
A8 =-5. 10027x10" 7 
A10=-1. 25593x10- 7 
A12=-7. 60189 x 10-' 0 

o 0 feftw^ewic, fiftigiR^ia, ^^irss 

I5k ^illiilxSBI**LTV^o ^iRSBIfi, 

[0 0 6 3] #3*ffiiRaH*5^T, HI* d f±d*£{C*h^ 

^#£;T>LTio^ 1.0E-2"e*>nm.OxlO- 2 
t^tt>c^t6c £tc, jfef* (i 6) &t>\ ^ft (l 

*U No. 10/^Jft*:.fr5J!ig«ctBa-r-5. 
[0 0 6 5] CUffiffl 1 » 

( 1 ) fl/flw : 6.53 

(2) f2/flw :-1.25 

(3) f3/flw: 1.82 

(4) imgxR: 7.07 

(5) Ra/f3 : 0.72 

( 6 ) R2n/f 2 : -0. 83 
( 6 ) ' f 2p/f 2 : 

(7) vn : 21.00 

(8) vp : 70.44,61.66 
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(9) m1/Z : 0.76 

(10) M1WM/M1MT : 1.94 

(11) max(T1,T2,T3)/flw : 1.24 

(12) Lw/f Iw : 9.2 5 

(13) A j3 3 / A /J 2 : 0. 57 

(14) 0T2//3w2 : 4. 12 

(15) ft/|f 12w| : 5.06 

(16) x (N' -N) x d/dH (X (H) -X0 (H) J 



30 r 1 1 



No 




ft 


1 


0. 3929 


-0. 5397E-05 


2 


0. 7858 


-0. 3734E-04 


3 


1. 1787 


-0. 9832E-04 


4 


1.5716 


-0. 1665E-03 


5 


1.9645 


-0. 2431E-03 


6 


2. 3573 


-0. 4716E-03 


7 


2. 7502 


-0. 1351E-02 


8 


3. 1431 


-0. 4072E-02 


9 


3. 5360 


-0. 1099E-01 


10 


3. 9289 


-0. 2626E-01 


r12 






No 


^£ 


K 


1 


0. 3500 


-0. 1817E-06 


2 


0. 7000 


-0. 1062E-05 


3 


1 . 0500 


-0. 1601E-05 


4 


1.4000 


0. 1705E-05 


5 


1.7500 


0. 1351E-04 


6 


2. 1000 


0. 3528E-04 


7 


2. 4500 


0. 5683E-04 
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(15) 



&ffl¥- 1 1 - 1 0 9 2 3 4 
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28 


8 2. 8000 


0. 4287E-04 




3 


0. 9883 


0. 1 1 72E-03 


9 3. 1500 


-0. 8661E-04 




4 


1. 3178 


0. 2648E-03 


10 3.5000 


-0. 4831E-03 




5 


1 . 6472 


0 4788E-03 

\J. t/UUL \J\J 


(17) d> x (N' -N) x d/dH [X (H) -X0 (H) ) 




6 


1. 9767 
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